An evaluation was made of the acoustic environment of the Green Line North (GLN) by noise mapping calculations. In addition, the equivalent sound pressure levels, L eq , that reach the facades of a residential building and a hospital located along the GLN, were simulated to determine the noise levels to which they are subjected. The simulated noise levels were compared with the maximum allowable noise levels established by Curitiba Municipal Law and by the Brazilian standard on Noise Assessment in Populated Areas. It was concluded unequivocally that, in the current situation, noise pollution affects the hospital and the gated community. A simulation of heavy vehicle traffic reduction was performed, aiming at evaluating the impact of this mitigation measure. Even the reduction of number of heavy vehicle to 10% of the original number proved to be insufficient to attend values established by the municipal law and the Brazilian standard.
Introduction
Noise in cities is a global problem, whether small, medium or large cities. Sound pressure levels in urban environments have produced harmful effects on people's health. Four revisions recently written, one in 2017 and three in 2018
show the extent of the noise problem in cities (Licitra et al., 2017; Engel et al., 2018; Asdrubali & D'Alessandro, 2018; Morillas et al., 2018) .
According to Fiedler and Wilhelm (2011) : "In Germany, around 70% of the population is disturbed by noise". Fiedler and Wilhelm (2011) also point out that: "The main source of noise comes from traffic noise". A similar conclusion is presented by Morillas et al. (2018) , where they state that: "From a temporal and spatial point of view, it is now recognized that the main source of noise in cities comes from road traffic".
Several studies have focused on the problem of environmental noise affecting educational areas, for example (Zannin et al., 2013a; Zannin et al., 2013b; Minichilli et al., 2018) .
Several studies have shown a correlation between noise pollution and health problems such as irritability, poor concentration, insomnia, headache (Muzet, 2007; Fiedler & Wilhelm, 2011; Dratva et al., 2012; Babisch et al., 2012; Engel & Zannin, 2017) .
In the city of Curitiba, Brazil, interviews conducted with 863 people revealed that urban traffic noise is considered a major source of discomfort (Zannin et al., 2002) . Rapid population growth in the municipality of Curitiba over recent decades resulted in urban sprawl into previously sparsely populated areas. This included expansion along both sides of the old BR-116 highway located within the urban perimeter of Curitiba, transforming these areas into densely populated neighborhoods (Zannin & Sant'Ana, 2011; Bunn et al., 2016) .
Due to this populational increase, BR-116 highway renewed and became known as Green Line (Zannin & Sant'Ana, 2011) . The structural composition of the Green Line is defined as a ten-lane avenue (including express bus lanes and two parking lanes), a bike path, a linear park, new lighting system, landscaping and road signs. The Green Line (GL), which covers 18 kilometers, was divided into two sections: 1) the South section, approximately 10 km, between the neighborhoods of Pinheirinho and Jardim Botânico/UFPR; and 2) the North section, approximately 8 km, between the neighborhoods of Jardim Botâni-co/UFPR and the Atuba Interchange. Sections 1 and 2 comprise 55% and 45%, respectively, of the Green Line.
Studies in the vicinity of noise sensitive areas, such as hospitals, have also been developed by researchers such as Busch-Vishniac et al., 2005; Tijunelis et al., 2005; Applebaum et al., 2010; Andrade et al., 2016; Zannin & Ferraz, 2016; Ilic et al., 2018; Loupa et al., 2019 . Together, other studies have analyzed the issue of environmental noise and its influence on urban dwellers, in their homes, in their apartments, in their residential buildings, in residential condominiums, in gated community, etc. (Mahbub et al., 2009; Oliveira-Filho & Zannin, 2015; Gozalo & Morillas, 2016; Paiva et al., 2019) .
This study describes the impact of noise pollution on two noise sensitive areas-a hospital and a gated community located along the-Green Line North-GLN.
Materials
Ambient noise pollution assessments in Brazil are governed by the NBR 10151 Table 2 ).
The objectives of this study included the following analyses: Analysis I-Calibration of the model based on a comparison of the measured and simulated noise levels; Analysis II-Evaluation of the effect of reduced flow of heavy vehicle traffic on the noise levels, based on computational simulation. This assessment was performed on Lot 1 (see Table 5 ); Analysis III-Computational analysis of noise at the facades of buildings (Vita Hospital and a gated community). On the noise maps, the noise levels are represented by a color scale (see Figure 1 ). Each measurement lasted 10 minutes (Zannin et al., 2013a; Fiedler & Zannin, 2015) . The measurements were taken as recommended by the German standard RLS 90 (1990) used for road traffic noise assessments, which specifies that the position of the sound pressure level meter should be 25 meters from the middle of the road.
The vehicles, which were counted visually and computed on a spreadsheet, were separated into motorcycles, light vehicles and heavy vehicles (buses and trucks), as described by other authors (Lee et al., 2008; Romeu et al., 2011; Zannin et al., 2013a; Fiedler & Zannin, 2015) . For the reader's clarification, in accordance with Resolution No. 15/1998 of CONTRAN-National Traffic Council, light vehicles are defined here as vehicles weighing less than 3856 kg, for transporting passengers, cargo or for mixed use, and heavy vehicles as those weighing more than 3856 kg. To use these data in the model, the vehicle count was undertaken simultaneously with the measurements and in the two directions of the road. The meter was mounted on a tripod and positioned 1.2 m above the ground. The average speed was estimated by driving a vehicle along the section of the road under study, and checking the speedometer to determine the approximate average speed at each point. It should be noted that the measurements, vehicle counts and average speed estimates were performed from
Monday to Friday, avoiding rush hours, weekends and holidays.
Measurements were taken in the morning between 9 a.m. and 11 a.m., and in the after-noon between 2 p.m. and 4:30 p.m. (Guedes et al., 2011; Bunn et al., 2016) . The data were collected over a period of 120 days, between August and November 2012. The measured sound pressure levels were compared to the limits shown in Table 2 . To measure the sound levels, 23 points spaced about 350 meters apart were selected, corresponding to a total of 8,050 meters, which is the approximate length of the Green Line North (GLN), see Table 3 . The measurement procedure was based on the methodology developed by Zannin and Sant'Ana (2011) . The first measuring points are located in the proximities of the Federal University of Paraná, UFPR (see Figure 2 ) and the last measuring point is located at the Atuba Interchange (see Figure 3) . Several input data are required to calibrate the software for simulations as close as possible to the real situations. These data were imported into the Predictor® software using Geographic Information System (GIS) files available in digital media. Another item of information needed to calibrate the software was a drawing of all the buildings, which was done manually based on a satellite photo. For the altimetric characteristics, a height of three meters was adopted for each floor in each building. For the Predictor® software to generate a noise map, it is necessary to delimit it by a grid containing the receiver points (grid noise map), whose distance will depend on the targeted accuracy. The less refined the grid the lower its accuracy and the faster the calculation of the maps. The grid should not exceed 10 m × 10 m for the calculation of maps in urban agglomerations (Guedes & Leite, 2007) . Therefore, the grid size adopted for the calculation was 5 m × 5 m, allowing for better detailing of the noise maps (Guedes & Leite, 2007; Lee et al., 2008; Fiedler & Zannin, 2015) . The height of the grid used in this study was four meters, following recommendations found in the current bibliography (Pinto & Mardones, 2009; Murphy & King, 2010; Guedes et al., 2011; Murphy & King, 2011; Fiedler & Zannin, 2015) .
Results and Discussion
First, noise measurements were taken at the 23 points along the road, and the vehicle count (vehicles/hour, light, heavy and motorcycles) was done simultaneously. Table 3 lists the number of vehicles per hour, and Table 4 describes the measured and simulated equivalent continuous noise levels, Leq. Traffic composition is an important factor for environmental noise impact assessments because it directly affects the generation of noise in the area under study. Moreover, it is an item of the input data for computational simulations of noise pollution levels. Figure 4 shows the traffic composition in percentages, considering the data computed for the 23 measuring points. As can be seen in Table 4 , the greatest difference observed between measured and simulated sound pressure levels was 3.9 dB (A). These results are in agreement with recommendations in the current literature for the calculation of noise to facilitate its analysis and understanding. These lots comprise the 23 measuring points, as can be seen in Table 5 . Table 5 lists the noise levels in the proximities of the highway that reach the façades of the buildings, based on the computer generated noise maps, and also compares these levels with the limits established by Curitiba Municipal Law No.
10625 and by the NBR 10151 standard. Thus, after the maps were calibrated-the measured and simulated data were compared as described earlier-simulations were made to calculate the sound levels reaching the façades of the gated community and of Vita Hospital. The daytime noise emission limits, which are 60 dB (A) and 65 dB (A), respectively, were found to be exceeded.
The only exception was at lot 2 (see Table 5 ), which was under construction.
Appendix 2 of Curitiba Municipal Law no. 10625 determines that, in such cases, the permitted daytime noise limit may reach up to 90 dB (A). Measurements were taken at five points along the section under construction, comprised between Delegado Leopoldo Belczak Street and Coronel Iraze Paes Brasil Street.
The measured values ranged from 72 to 81 dB (A), and were thus in compliance As can be seen in Figure 5 and Figure 6 , the noise levels in the proximities of the GLN, corresponding to the region represented by navy blue, dark blue, purple, dark red and light red, exceed the limits established by the Municipal Law and by NBR 10151. A factor that aggravates the problem is visible in the region demarcated with an arrow, in Figure 6 , Lot 4, where Vita Hospital is situated.
This area is defined as a "hospital quiet zone" whose noise limit is set at 55 dB (A) by the Municipal Law and at 50 dB (A) by the NBR 10151 standard. In addition, the Municipal Law specifies that this quiet zone must cover a 200 meter radius around hospitals. Another sensitive zone can be seen in Figure 7 , where a Gated Community, Lot 6 is located.
To examine the effect of reducing the flow of heavy vehicles as a possible means of mitigating the noise generated along the section, the behavior of the equivalent continuous sound pressure level, Leq, was simulated in different scenarios at two random points, for the purpose of illustration. The simulated scenarios involve the original traffic being reduced to 50%, 40%, 30%, 20% and 10%
of the original heavy vehicle traffic at points 03 and 04 of Lot 6. The results of these simulated reductions are shown in Figure 8 . The average vehicle speed remained unchanged. As can be seen in Figure 8 , the simulations of the percent reductions in heavy vehicle flow by half generate a decrease in sound levels of about 1.7 dB (A). This is confirmed by a study carried out by Richard (2013) in Germany and published in the journal Lärmbekämpfung, which states that: "The expected margin of reduction of sound levels in response to the adoption of individual mitigation measures, including, for example, the reduction in the percentage of heavy vehicles, ranges from 1 to 3 dB (A)". Bunn and Zannin, (2015) and Bunn et al. (2016) studied the acoustic field around the south section of the Green Line, simulating reductions in heavy vehicle flow, and found that noise level decreased by about 2.5 dB (A). The present study achieved comparable results, since the reduction of the sound levels fell within this range, i.e., from 1 to 3 dB (A). Figure 9 and Figure 10 show noise maps that consider the effect of the reduction of the percentage of heavy vehicles on the simulated sound levels.
From the above, it is clear the existence of noise pollution in the GLN. The measured and simulated sound levels surpass both the Brazilian standard for the evaluation of environmental noise and the Municipal Law on noise in the city of Curitiba. The simulation of the decrease in the flow of heavy vehicles from 50% to 10% proved to be incapable of substantial reductions in sound levels, being within the range of 1 to 3 dB (A), that is, the noise reduction achieved is very small. This fact makes it appear that maps 10 and 11 have not altered their colors despite the decrease in the percentage of heavy vehicles. On the other hand, the reduction in sound levels, as previously reported, were similar to those found in current literature, as data found in Germany and even here in Brazil.
In GLN, we can observe the existence of a noise sensitive zone, a hospital and a residential area ZR4 (gated community) for which Table 2 shows the noise levels that should be in force during the daytime period. Figure 11 represents the VITA Hospital building located 60 meters from the side road of the GLN. Areas such as hospitals and schools are more noise-sensitive and are classified by as quiet zones (ZR-1) by Curitiba Municipal Law 9800/2000, which establishes regulations on zoning, land use and occupation in the Municipality of Curitiba. Tolerance to noise in these areas is lower than in other regions, and in this case, according to Municipal Law 10625, the daytime limit of 55 dB (A) must be observed. Moreover, this limit must extend to a 200 meter radius around hospitals.
In Figure 11 , note that sound levels of 55 dB (A) (orange) to 70 dB (A) (wine red) reach almost the entire facade of Vita Hospital. These noise levels exceed Baltimore. After assessing the sound pressure levels, and the frequency spectra at different locations and at different times within the hospital, they concluded that: "At all locations and all times of day, the Leq -equivalent sound pressure level -indicate that a serious problem exists". They further point out that the "levels found for these acoustic descriptors -may have significant implications for visitors, patients and the hospital staff" (Busch-Vishniac et al. 2005) . In Figure 12 , note that the noise level at the façades of the buildings is very high, reaching 80 to 85 dB (A) and 75 to 80 dB (A) at the front façades, and 70 to 75 dB (A) and 65 to 70 dB (A) at the side facades. To minimize the effect of the high noise level on the residents of these apartments, the buildings must be properly insulated.
According to Brazilian Standard NBR 15575-4 (2013), the facades of dwellings subject to intense traffic noise, as is the case of the buildings situated next to the Atuba Interchange (see Figure 12 ), must have a sound insulation coefficient greater than or equal to 30 dB. However, studies performed in Brazil show that the facade type used in this sort of building provide a sound insulation coefficient around 19 dB . In another study on the insulation of building facades, Ferreira and Zannin (2007) found values between 16 and 21 dB for popular buildings, and 19 and 23 dB for high standard buildings. Therefore, the acoustic insulation of the gated Community facade does not provide adequate protection to its occupants and may become, in the near future, a health problem for them (Gozalo & Morillhas, 2016; Paiva et al., 2019) .
Conclusion
This study was conducted along the urban section of highway BR-116 in the city of Curitiba, called the Green Line North (GLN). The noise levels emitted by vehicle traffic in the GLN were measured in situ. Computer simulations were also performed considering the following parameters: number of light and heavy vehicles, traffic speed, and number and height of buildings in the proximities of the road. Variations of these parameters were applied in order to make simulations aimed at predicting noise pollution along the GLN. The noise limits applied in the evaluations were those established by Curitiba Municipal Law No. In general, both the measurements and the simulations indicated that noise pollution is a problem in the study area. These measurements and simulations revealed noise levels exceeding the daytime limit of 60 dB (A) allowed by Curitiba Municipal Law No. 10625. The simulated variations in the proportion of heavy vehicles by half reduced the total sound pressure level by about 1.7 dB (A). Therefore, it can be observed that this mitigation action by itself is not enough to solve the noise pollution problem in the area. These results are consistent with those of other international studies.
The sound levels that reach the facades of two buildings-a gated community and a hospital, were also examined and were found to exceed the permissible limits. These two cases represent serious problems, since the people involved will spend a good part of their lives exposed to noise pollution in the case of the gated community. In the case of the hospital, the literature cited here showed that high levels of noise within hospitals can have serious implications, which may increase medical errors and interfere with patient rehabilitation-delaying the recovery of patients. High noise levels can also have negative effects on visitors and on hospital staff in general.
